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SUMMARY 


Grain  sorghum  hybrids,  which  promise  to 
meet  the  pressure  for  more  efficient  production 
much  as  corn  hybrids  met  a  similar  need  25  years 
ago,  will  be  grown  by  American  farmers  on  a 
limited  scale  this  year.  Tests  of  selected  hybrids 
in  seven  States  showed  a  substantial  increase  over 
the  production  of  standard  varieties  of  similar 
maturity  in  1954  and  1955. 

Caution  is  advised  in  making  seed  purchases 
--  farmers  should  buy  only  tested  hybrids.  Initial 
plantings  of  hybrids  should  be  grown  with  standard 
varieties  for  comparison. 

Continuing  research  will  result  in  improved 
hybrids  and  will  indicate  the  areas  best  suited  to 
each. 


Information  in  this  report  was  provided  by  the  Field  Crops  Research 
Branch,   Agricultural  Research  Service 


SORGHUM    HYBRIDS 


GRAIN  SORGHUM  HYBRIDS,  with  their  promise  of  increased  production, 
will  become  available  to  farmers  in  increasing  quantities  in  the  next  2 
years.  They  promise  to  do  for  grain  sorghums  what  corn  hybrids  have 
done  for  more  efficient  production  of  corn. 

The  phenomenal  success  of  hybrid  corn  encouraged  research  work- 
ers to  devise  a  method  of  producing  sorghum  hybrids.  Unlike  corn,  which 
has  its  male  and  female  reproductive  parts  separated  in  tassels  and  silks, 
sorghum  has  both  male  and  female  parts  in  many  individual  flowers  in  the 
head  at  the  top  of  each  stalk.  This  makes  it  impossible  to  practice  de- 
tasseling  to  eliminate  self-pollination,  and  control  cross-pollination,  as  is 
done  with  corn.  The  difficulty  was  circumvented  by  the  discovery  of  a 
special  type  of  male-sterility,  called  cytoplasmic.  This  type  of  sterility 
was  discovered  in  sorghum  in  1952,  in  cooperative  work  of  the  Agricultural 
Research  Service  with  the  Texas  Agricultural  Experiment  Station. 

Male-sterile  plants  do  not  shed  pollen,  but  the  flowers  are  readily 
fertilized  by  wind-borne  pollen  from  normal  plants.  The  great  advantage 
of  cytoplasmic  male  sterility  lies  in  the  ease  of  maintaining  or  increasing 
male-sterile  strains.  Each  male-sterile  strain  is  essentially  a  female 
counterpart  of  the  normal  strain  from  which  it  was  principally  derived. 
When  pollen  from  this  normal  strain  fertilizes  the  male-sterile  strain,  the 
seed  from  the  male-sterile  strain  produces  only  male-sterile  plants.  Con- 
sequently, an  increase  block  of  the  seed  parent  can  be  grown  by  planting 
seed  of  male-sterile  plants  in  the  seed  rows  and  the  seed  of  counterpart 
normal  plants  in  the  pollen  rows  of  an  isolated  field.  All  seed  harvested 
from  the  seed  rows  produces  male-sterile  plants  the  following  year,  and 
the  procedure  can  be  expanded  as  necessary  and  repeated  year  after  year. 

When  some  varieties  and  strains  are  used  as  pollinators  on  the  cyto- 
plasmic male-sterile  strains,  they  restore  complete  fertility  in  the  next 
generation.  These  are  called  pollen  or  fertility  restorer  strains.  When 
a  specific  male-sterile  strain  is  used  in  seed  rows  and  a  specific  pollen- 
restorer  strain  in  the  pollen  rows  of  a  seed-grower's  crossing  block,  seed 
harvested  from  the  seed  rows  produces  a  specific,  fully  fertile  sorghum 
hybrid  the  following  year.     This  is  the  crop  the  farmer  grows. 

Breeding  studies  conducted  over  a  period  of  years  have  laid  the 
foundation  for  a  combining  and  screening  program  since  1952.  Many  hy- 
brids have  been  tested  in  several  States.  Very  promising  results  have  been 
obtained.     The  testing  program  is  being  widely  expanded  in  1956. 
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BACKGROUND 

SORGHUM  CROPS  include  grain  sorghums^  sorgos  (those  used  for  sirup 
making,  forage,  and  silage),  brobmcorn,  and  grass  sorghums  (including 
Sudan  grass  and  Johnson  grass). 

Until  the  late  1920's  harvesting  sorghums  of  all  kinds  required  a 
great  deal  of  handwork.  Partly  for  this  reason,  acreage  failed  to  expand 
appreciably  in  a  period  during  which  farm  operations  were  being  rapidly 
mechanized.  Although  Double  Dwarf  Yellow  milo  had  been  in  commercial 
production  a  decade  earlier,  the  first  low-growing  variety  developed  spe- 
cifically for  combine  harvesting  was  released  by  the  U.  S.  Department  of 
Agriculture  and  Oklahoma  Agricultural  Experiment  Station  in  1928.  Two 
more  dwarf  varieties  selected  from  Oklahoma  material  were  put  out  by  the 
Kansas  Station  in  the  1930's.  At  least  15  additional  varieties  and  strains 
developed  from  Texas  to  South  Dakota  were  released  after  1940,  and  by 
1953  about  98  percent  of  all  grain  sorghum  was  harvested  with  combines. 
Since  about  1940, man-labor  for  harvest  has  been  reduced  by  seven-eighths, 
a  saving  of  $4  an  acre  has  been  realized  in  harvesting  costs,  and  produc- 
tion has  increased  20  million  bushels  annually,  spurred  by  the  economic 
incentives  of  an  export  program  for  sorghum  grain,  the  development  of  a 
sorghum  starch  industry,  and  the  need  to  feed  a  rapidly  growing  livestock 
population. 

Economic  considerations  and  Government  agricultural  programs 
have  stimulated  the  expansion  of  sorghum  acreages.  In  much  of  the  Great 
Plains  region  and  the  western  part  of  the  Cotton  Belt,  grain  sorghum  has 
been  grown  on  much  of  the  land  diverted  from  restricted  wheat  and  cotton 
acreages  because  it  is  the  best  unrestricted  cash  crop  that  will  fit  into  the 
farming  system.  In  the  western  part  of  the  Corn  Belt,  better  yields  have 
been  obtained  with  "the  camel  plant"  than  with  corn,  especially  in  dry 
years.  Sorghums  have  an  advantage  over  corn  during  periods  of  drought 
in  their  tendency  to  become  semidormant  and  "wait  it  out"  until  rain 
comes,   then  resume  normal  growth  and  development. 

Sorghums  are  grown  for  grain,  forage,  and  silage,  to  the  extent  of 
5,  000  acres  or  more  in  each  of  27  States  reaching  from  Texas  to  Minne- 
sota and  from  California  to  North  Carolina.  Principal  acreages  are  in  the 
Middle  West,   Southwest,   and  West  Coast  (table  1). 

Improvement  of  sorghums  has  been  a  continuous  program  in  the 
U.S.  Department  of  Agriculture  and  several  State  agricultural  experiment 
stations  for  many  years.  Crossing,  followed  by  selection  to  develop  new 
varieties  and  strains,  began  as  early  as  1914,  and  in  1923  the  U.  S.  Depart- 
ment of  Agriculture  and  Texas  Agricultural  Experiment  Station  distributed 
two  varieties  coming  from  this  work.  Many  other  varieties  and  strains 
were  released  during  the  following  three  decades.  The  recent  program  on 
sorghum  hybrids  has  been  carried  on  cooperatively  by  the  Agricultural 
Research  Service  and  the  agricultural  experiment  stations  in  Texas,  Okla- 
homa,   Kansas,    and  Nebraska. 


Table  1.  --Average  acreages  (1942-53)  of  sorghums  harvested 
in  leading  States  for  grain,   forage,    and  silage 


State           : 

Grain 

Forage 

Silage          : 

Total 

:    1, 000  acres 

1,  000  acres    : 

1,000  acres  : 

1, 000  acres 

Texas  .... 

4,027 

:            2,  324 

:                99 

:           6,450 

Kansas     .    .    . 

1,487 

:            1,017 

:              404 

2,908 

Oklahoma  .    . 

694 

:                883 

:                 75 

1,642 

Colorado     .    . 

179 

:                 380 

8 

567 

New  Mexico  . 

241 

:                206 

:                  7 

454 

Nebraska  .    . 

115 

305 

:                32 

:                452 

South  Dakota 

57 

:                256 

12 

325 

Missouri  .    . 

40 

105 

:                32 

177 

California     . 

108 

3 

4 

155 

Source:    Agricultural  Statistics  1954. 

In  the  limited  testing  that  has  been  possible  thus  far,  yields  of  sor- 
ghum hybrids  are  highly  encouraging.  In  1954  tests,  Texas  had  a  hybrid 
that  produced  3,  500  pounds  of  grain  per  acre  in  87  days  while  Martin,  a 
widely  grown  standard  variety,  was  producing  2,  000  pounds  in  88  days. 
Another  hybrid,  under  irrigation,  produced  7,  000  pounds  of  grain  an  acre 
in  90  days,  while  Martin,  also  under  irrigation,  was  producing  3,700 
pounds  in  92  days. 

In  regional  tests  during  1955,  conducted  cooperatively  by  State  agri- 
cultural experiment  stations  and  the  Agricultural  Research  Service,  the 
average  yield  of  18  hybrids  exceeded  four  standard  varieties  of  similar 
maturity  by  30  percent.  In  general,  the  lowest-yielding  hybrid  in  these 
tests  exceeded  the  best  standard  varieties  in  yield.  In  Nebraska,  com- 
parative tests  were  carried  out  in  eight  counties,  and  the  yield  of  hybrids, 
as  a  group,  exceeded  the  production  of  Martin  by  nearly  39  percent.  In 
New  Mexico,  average  yield  of  18  hybrids  exceeded  the  production  of  check 
varieties  (Martin,  Midland,  "Redbine- 60,  and  Combine  Kafir-60)  by  57  per- 
cent. In  Kansas,  the  same  18  hybrids  showed  an  83-percent  increase  over 
adapted  standard  varieties.  In  Colorado,  the  18  hybrids  made  a  poorer 
showing,  but  bettered  the  standard  varieties  by  11  percent.  At  six  plant- 
ings in  Texas  the  average  yield  of  the  18  hybrids  exceeded  that  of  the  check 
varieties  by  23  percent  on  irrigated  plots  and  by  29  percent  on  dry-land 
plots.  In  spite  of  these  favorable  increases,  the  hybrids  that  will  first  be 
available  for  commercial  planting  are  expected  to  need  further  improve- 
ment in  some  agronomic  characteristics. 

In  1955  Texas  released  seed  to  187  apprentice  seed-growers  for 
crossing  blocks  of  approximately  1  acre  each.  The  growers  agreed  to 
give  the  Experiment  Station  one-half  the  hybrid  seed  produced  if  it  was 
requested  of  them,  and  to  dispose  of  the  seed  for  other  purposes  than 
planting  if  it  was   condemned  as  undesirable  for  any  of  several  reasons. 
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The  plan  was  conceived  to  give  potential  seed-growers  an  opportunity  to 
become  familiar  with  the  problems  and  techniques  of  hybrid  seed  produc- 
tion and  to  obtain  an  adequate  supply  of  seed  of  the  various  hybrids  for 
testing  and  demonstration.  Present  policy  in  the  State  restricts  certifica- 
tion of  hybrid  seed  to  growers  who  have  grown  an  apprentice  crossing 
block.  Many  of  the  blocks  failed  because  of  drought,  while  others  were 
not  approved,  in  some  cases  because  the  seed  furnished  the  growers  was 
below  desired  purity,  and  in  other  cases  because  the  blocks  did  not  have 
recommended  isolation  or  were  not  rogued  at  the  proper  time. 

Other  States  cooperating  in  the  sorghum  hybrid  program  are  using 
similar  plans  to  start  hybrid  seed  production. 

One  commercial  seed  company  has  been  working  concurrently  with 
the  States  and  ARS  to  develop  sorghum  hybrids.  The  research  was  initiated 
in  1949,  when  the  public  agencies  were  working  on  a  method  of  producing 
hybrids  by  a  three-way  cross  utilizing  a  genetic  male-sterile.  This  com- 
pany has  developed  several  three-way  cross  hybrids  that  have  been  tested 
for  3  years  in  various  parts  of  the  country,  and  distributed  600,  000  pounds 
of  the  seed  of  four  hybrids  in  1956.  Part  of  the  seed  will  be  sold,  with 
customers  limited  to  25  pounds  each,  and  part  will  be  given  away  in  small 
lots  for  trial  plantings.  This  company  and  several  others  now  have  breed- 
ing programs  under  way  to  produce  hybrids  with  the  cytoplasmic  male- 
sterile. 

PROBLEMS 

MANY  of  the  breeding  problems  encountered  in  developing  new  varieties 
or  strains  are  equally  important  in  developing  parents  for  hybrids,  and 
can  be  attacked  in  the  same  manner.  Good  germination,  vigorous  seed- 
ling growth,  low-prussic-acid  content,  good  head  exsertion,  uniformity, 
big  seed,  quick  seed  drying  at  maturity,  clean  threshing,  and  resistance 
to  weak-neck,  lodging,  diseases,  insects,  seed  discoloration  and  deterio- 
ration --  all  are  objectives  in  various  improvement  programs.  Except 
for  yield  (and  height  and  maturity  in  some  cases),  the  important  character- 
istics of  the  hybrids  usually  lie  somewhere  between  extremes  of  the  parent 
strains.  This  means  that  all  desirable  characteristics  possible  must  be 
incorporated  into  both  parents. 

One  of  the  immediate  problems  is  to  incorporate  the  yellow  endo- 
sperm, recently  brought  from  Africa  by  an  Agricultural  Research  Service 
agronomist,  into  an  assortment  of  the  better  breeding  stocks.  Yellow 
endosperm  grain  sorghum  has  a  carotene  content  nearly  equal  to  that  of 
yellow  corn  and  should  be  approximately  equal  to  yellow  corn  in  feed  value 
for  most  purposes.  The  xanthophyll  pigment  associated  with  yellow  endo- 
sperm is  necessary  in  feeding  broilers  because  it  adds  the  desirable  yel- 
low color  to  the  skin.  Finally,  no  strain,  however  perfect  itself,  will  be 
useful  for  sorghum  hybrids  unless  it  is  converted  either  to  a  male-sterile 
strain  or  will  serve  as  a  pollen-restorer  strain  that  will  "nick"  with  some 
other  strain  to  produce  a  superior  hybrid. 


Some  of  the  seed  growers'  problems  will  have  to  be  worked  out  by 
experimentation  and  experience.  The  Texas  Station  recommended  that  ap- 
prentice seed  growers  alternate  2  rows  of  the  pollinator  strain  with  6  rows 
of  the  male-sterile  straip  or  4  pollinator  rows  with  12  male-sterile  rows 
in  their  1955  crossing  blocks.  Experience  may  suggest  different  recom- 
mendations for  some  areas.  Split  plantings  (at  different  dates)  may  be 
necessary  under  certain  conditions  if  the  pollen  and  seed  strains  fail  to 
bloom  together.  Greater  unit  value  of  the  hybrid  seed  and  the  need  for 
ample  reserves  of  high  quality  may  stimulate  increased  use  of  artificial 
drying  equipment.  Additional  information  is  needed  to  recommend  safe 
fungicides  and  insecticides  for  longer  periods  of  seed  storage. 

The  principal  problem  facing  farmers  will  be  to  determine  the  most 
useful  or  profitable  hybrids  for  their  individual  purposes.  The  first 
hybrids  released  by  experiment  stations  will  be  similar  in  most  character- 
istics, because  the  seed  parent  strains  are  all  from  closely  related  com- 
bine kafirs  and  the  pollen  parents  are  all  from  strains  derived  primarily 
from  milo-kafir  hybrids.  As  additional  hybrids  are  developed  and  re- 
leased, the  range  of  adaptation,  maturity,  seed  properties,  and  other 
characteristics  will  increase.  As  rapidly  as  adequate  data  can  be  accumu- 
lated, experiment  stations  and  commercial  seed  companies  will  recom- 
mend specific  hybrids  for  particular  zones  or  areas. 

Nevertheless,  conditions  frequently  vary  widely  within  relatively 
short  distances,  and  farmers  have  preferences  not  fully  correlated  with 
yield.  Heavy  and  light  soils  or  droughty  and  subirrigated  areas  may  occur 
less  than  a  mile  apart;  bird  or  grasshopper  damage  may  be  prevalent  in 
proximity  to  groves  or  pastures  but  constitute  no  particular  hazard  a  mile 
distant;  farmers  may  want  a  quick-drying,  high-test-weight  hybrid  for 
cash  grain  but  prefer  a  softer -grained  hybrid  for  feeding  on  the  farm.  No 
variety  becomes  a  component  of  the  crop  until  the  farmer  accepts  it. 

Recommendations  for  cultural  practices,  seed  treatment,  and  gen- 
eral production  and  harvesting  operations  are  the  same  for  sorghum  hy- 
brids as  for  other  sorghum  varieties.  Future  experimentation  may  indicate 
minor  modifications,  such  as  in  the  rate  or  date  of  planting.  Supplemental 
irrigation  is  beneficial  to  sorghums,  as  it  is  to  other  crops.  High  returns 
from  irrigated  grain  sorghums  are  confirmed  by  their  concentration  in 
irrigated  areas  of  the  Plains. 


THE   OUTLOOK 
Foundation  Seed 

THE  TEXAS  foundation  seed  program  produced  38,000  pounds  of  the  seed 
of  three  male-sterile  strains  of  combine  kafir  in  1955.  An  increase  field 
inMexico  may  yield  an  additional  20,  000  to  25,  000  pounds.  Some  reserves 
are  being  maintained,  but  about  30,  000  pounds  were  made  available  for 
seed-growers'ocrossing  blocks  this  year.  Six  or  seven  pollinator  lines 
will  be  used  with  these  male-steriles  to  produce  certified  seed. 


-  5 


In  Nebraska,  seed  stocks  will  be  distributed  to  40  growers,  who  will 
produce  about  250  acres  of  the  certified  seed  of  four  hybrids  this  year.  A 
lesser  amount  of  seed  will  be  produced  in  other  States. 

Hybrid  Seed 

In  1956  a  substantial  acreage  of  sorghum  hybrids  is  being  grown 
from  seed  produced  in  1955.  The  600,  000  pounds  of  seed  from  four  hybrids 
produced  by  one  commercial  seed  company  should  plant  around  150,000 
acres,  since  farmers  at  first  are  likely  to  spread  the  seed  a  little  thinner 
than  usual.  An  estimated  50, 000  pounds  was  harvested  by  apprentice 
growers  in  Texas.  About  22,000  pounds  of  this  --  enough  for  4,000  to 
6,000  acres  --  was  delivered  to  the  State  Experiment  Station  and  Exten- 
sion Service  for  experimental  and  demonstration  plantings  throughout  the 
State.  The  Station  recommended  that  the  grower's  part  of  the  seed  be 
planted  on  his  own  farm  or  be  given  or  sold  at  a  modest  price  to  his 
neighbors,  and  --  because  of  unknown  purity  --  that  none  of  it  be  per- 
mitted to  go  into  normal  commercial  seed  channels.  No  accurate  estimate 
can  be  made  of  hybrid  sorghum  acreage  that  will  be  planted  this  year  with 
seed  from  this  source,  but  it  appears  possible  that  several  thousand  acres 
may  be  grown. 

A  limited  amount  of  seed  was  produced  from  a  few  hybrids  in  Ne- 
braska in  1955,  This  seed  is  being  used  for  field-scale  demonstration 
plantings  in  1956. 

In  1957  enough  seed  should  be  available  from  certified  seed  produc- 
ers in  Texas  to  plant  2  to  3  million  acres.  Nebrasks  growers  are  expected 
to  produce  enough  seed  this  year  to  plant  about  250,  000  acres  in  1957. 
Lesser  amounts  will  be  available  from  other  States.  Commercial  seed 
companies  will  probably  have  enough  seed  to  plant  an  additional  2  to  3  mil- 
lion acres.  These  estimates  of  acreage  and  production  may  be  conserva- 
tive --  as  much  as  50  percent  more  seed  might  be  on  hand  for  the  1957 
crop. 

In  1958  sufficient  seed  should  be  available  to  supply  the  market,  and 
there  will  be  several  hybrids"  to  choose  from. 

Because  of  the  parentage  of  the  first  hybrids  to  be  released  by  ex- 
periment stations, farmers  will  buy  white  seed  for  planting  and  will  harvest 
reddish  colored  grain.  As  new  strains  become  available  the  common,  but 
perhaps  not  universal,  practice  probably  will  be  to  use  parents  of  like  color. 

Hybrid  sorghum  seed,  like  hybrid  corn  seed,  should  be  purchased 
new  each  year.  A  crop  grown  from  seed  harvested  in  the  farmer's  hybrid 
field  may  lose  much  of  the  hybrid  vigor  and  be  irregular  in  height  and 
maturity,  making  it  hard  to  combine.  If  the  original  parents  had  different 
seed  colors,  the  second  year  crop  will  have  the  appearance  of  "mixed 
grain"  and  will  be  so  classed  in  the  market. 
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Certification 

The  International  Crop  Improvement  Association,  foreseeing  the 
need  to  set  up  and  maintain  standards  for  hybrid  sorghums  in  advance  of 
actual  production,  has  established  these  rules  to  be  followed  by  seed  certi- 
fication agencies  (Minimum  Seed  Certification  Standards,  December  1954, 
pp.    74-77): 

The  name  of  any  certified  hybrid  is  that  given  it  by  its  originat- 
ing agency. 

A  commercial  hybrid  to  be  certified  must  be  produced  from 
certified  foundation  seed  stocks  approved  byithe  agricultural  experi- 
ment station  and/ or  certifying  agency  and  must  represent  a  specific 
combination  that  has  been  tested  by  a  state  or  governmental  agricul- 
tural experiment  station  or  certifying  agency; 

Fields  growing  certified  seed  must  be  inspected  at  least  twice 
a  year,   during  bloom  and  before  harvest. 

To  prevent  mixing  by  wind-pollination,  foundation  seed  stocks 
(those  used  in  producing  certified  hybrids)  must  be  grown  in  fields 
not  less  than  60  rods  from  any  other  variety  of  sorghum  or  from 
fields  of  the  same  variety  that  do  not  meet  purity  requirements  for 
certification.  Fields  producing  seed  for  certified  hybrids  must  be  at 
least  40  rods  from  other  sorghum. 

Certified  seed  must  be  at  least  97  percent  pure,  contain  no 
more  than  2  seeds  per  pound  of  another  variety,  10  seeds  per  pound 
of  any  other  crop,  3  percent  of  inert  matter  (including  cracked  seeds), 
and  0.  1  percent  of  weed  seeds,  must  not  contain  seeds  of  any  objec- 
tionable weeds,    and  must  germinate  at  least  80  percent. 

Minor  modifications,  supplementary  regulations,  and  instructions 
will  be  formulated  and  issued  by  the  several  States. 


Other  Developments 

Already,  based  on  results  in  several  States  in  1955,  it  appears  to 
some  observers  that  grain  sorghum  hybrids  will  surpass  the  original  pre- 
diction that  they  would  produce  20  to  30  percent  more  efficiently  than  the 
standard  varieties.  The  more  optimistic  estimates  of  30  to  40  percent 
may  be  realized. 

During  early  stages  of  the  program,  principal  emphasis  has  been 
placed  on  developing  grain  sorghum  hybrids  and  getting  them  into  "com- 
mercial production.  Research  is  also  under  way  to  develop  grass  and 
forage  hybrids, and  some  of  these  will  become  available  within  a  few   years. 
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Some  early  predictions  estimated  that  the  conversion  from  standard 
varieties  to  hybrids  would  occur  at  a  rate  of  about  10  percent  of  the  total 
acreage  annually.  Present  estimates  of  seed  increase  indicate  more  rapid 
conversion.  However^  no  one  has  ever  seen  a  large  field  of  any  sorghum 
hybrid.  Present  conjectures  are  based  on  performance  in  plots  and  small 
strip  plantings  in  fields,  the  only  evidence  yet  available.  Farmer  accept- 
ance and  demand  will  depend  on  performance  under  field  conditions  and 
over  a  wide  range  of  environments. 
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